HÍC, P., BALÍK J.: Eff ect of sample dilution on estimated values of antioxidant capacity by photochemiluminiscence method. Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 8, pp. 67-72 This paper describes principles of a proper dilution of samples used for the determination of antioxidant capacity by means of a photochemiluminiscence method using the instrument Photochem (Analytik Jena AG). The authors used the method ACL (Lipid-soluble Antioxidant Capacity), which is one of two methods enabling to measure in this instrument. It was demonstrated that values measured by the photochemiluminiscence method ACL were infl uenced by the degree of sample dilution. When studying eff ects of dilution of samples of wine and rutin, it was demonstrated that there is a nonlinear correlation between the degree of dilution and measured values of antioxidant capacity. At low molar amount of substance (i.e. at 0.5 and 1.0 nmol), the measured value of rutin inhibition was higher than the same that molar amount of trolox. At higher molar amounts (i.e. 3; 4 and 5 nmol), the inhibition value of trolox was higher. This dependent change can be explained by means of a diff erent eff ectiveness of antioxidants and a diff erent stability of their products with radicals.
There are two reactive forms of oxygen and nitrogen that occur normally in living organisms. These compounds can easily react with otherwise stable molecules and thus damage individual organisms (ŠTÍPEK et al., 2000) . In this way they markedly participate in processes of senescence (HARMAN, 1956 ). An increase in amounts of reactive forms of oxygen and nitrogen can lead to and result in the occurrence of many diseases, e.g. atherosclerosis, cancer, brain attacks, arthritis, heart attacks, liver damage etc. (PACKER et al., 2001) , (ZLOCH et al., 2004) . At the same time, however, they also can function as signal molecules for the expression of genes and/or as an important component of the hypersensitive reactions occurring within the process of programmed cell death (ĎURAČKOVÁ, 1998) . This means that they are indispensable for the existence of living organisms. They can occur both endogenously and exogenously (ŠULC, 2007) . The existence of free radicals forced the living organisms to create a defensive system, which inactivates these dangerous free radicals and protects them therefore against an uncontrolled oxidation ( LONNROT et al., 1996) . The defence of living organisms is based on production of antioxidants. There are many, o en very diff erent, defi nitions of antioxidants. VELÍŠEK (2002) , for example, defi nes antioxidants as compounds that in low concentrations protect foodstuff s against oxidation and increase their storability. As far as the human body is concerned, antioxidant can be defi ned as molecules that even in small concentrations can prevent (or reduce) negative eff ects of free radicals and thus prevent the damage of the organism. From the chemical point of view, antioxidants are compounds capable to inactivate free radicals without becoming one of them. Naturally, this antioxidant protection is not absolute and for that reason a certain form of damage can be always expected (AMES et al., 1993) .
There are several methods how to determine antioxidants and they all function on diff erent principles. Due to this fact the obtained results may be rather diff erent and dependent above all on the analytical methods used (PAVLOVÁ et al., 2004; STRATIL et al., 2006) . The method of sample processing shows also a great eff ect on measured values (HÍC, BALÍK, 2008) . Diff erent authors published diff erent results (e.g. FERNANDÉZ-PACHÓN et al., 2004; KJERSTI et al., 2005) . But not only these factors may infl uence the measured values. BRENZIE et al. (1999) mentioned that reduction capacity of ascorbic acid were directly proportional to its concentration. In case of peroxyl radical trapping tests of total antioxidant capacity the ascorbate stechiometry is dependent just on the sample concentration (WAYNER et al., 1986) . The assumption that concentration of antioxidants in the measured sample infl uences measured values represents another source of variability that infl uences obtained results and this fact reduces possibilities of a comparison of results published by diff erent authors. In this study we tried to assess the dependence of antioxidant capacity values of rutin and red wine on sample concentrations. Measuring was performed using the Photochem instrument (Analytik Jena AG), which functioned on the principle of photochemiluminiscence. This method was elaborated by POPOV, LEWIN (1996) and it was already used in a number of studies (BALOGHA et al., 2010) .
MATERIALS AND METHODS

Preparation of samples and measurement
For assays, red wine of the variety Blaufränkish, vintage 2008, cabinet dry, wine growing region Morava, Czech Republic was used. In this wine, the following parameters were estimated: titratable acids (5.8 g.dm . These rutin concentrations were measured in the Photochem instrument and the volume of measured samples was always 20 μl.
Estimation of the antioxidant capacity by photochemiluminescence method ACL (Lipidsoluble Antioxidant Capacity) in the Photochem instrument. In the ACL assay, the photochemical generation of free radicals was measured with a sensitive detector by using chemiluminescence and free radicals were produced from the luminol, which worked partly as a photosensitizer and partly as an oxygen radical detection reagent.
The lipophilic antioxidants were measured with the ACL kit. The working solution consisted of the following reagents: methanol (Reagent 1) 2.3 ml; buff er solution (Reagent 2) 200 μl and photosensitizer (Reagent 3) 25μl; these reagents were mixed with a vortex for 20-30 s. Altogether 500 μl of reagent 1 were poured into a vial containing reagent 4 and vortexes. Than the resulting solution was diluted 1:100 with methanol in order to prepare the trolox standard with the concentration of 100 μmol.dm −3 . For constructing a calibration curve were used 5; 10; 20; 30; 40 and 50 μl volumes. The TAC value was calculated as a linear dependence of the reciprocal value of antioxidant concentration on the value I −1 . The I value (inhibition) was calculated by the Photochem instrument as a ratio of diff erent concentrations of the antioxidant trolox standard to the blank (POPOV, LEWIN, 1996) . 
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Statistical analysis
Analysed data represented mean values determined in fi ve separate solutions. Analysis of variance (ANOVA) was carried out using the programme package Unistat for Excel 5.1. Signifi cant diff erences were calculated according to the Tukey's test (P ≤ 0.05).
RESULTS AND DISCUSSION
It resulted from the analysis of data obtained in experiments with red wine that the measured values TAC increased in dependence on the increasing degree of dilution of wine samples (Fig. 1) . These diff erences were statistically signifi cant (P ≤ 0.05) in all variants of dilution under study.
As shown in Fig. 1 , at the dilution of red wine 1:20, the resulting antioxidant capacity was 3.38 ± 0.03 mmol of trolox.dm . At the dilution 1:50, the measured value was 5.28 ± 0.02 mmol of trolox.dm −3 and at the dilution 1:200, the result was as much as 7.49 ± 0.11 mmol of trolox.dm . The eff ect of dilution was not of random character; quite on the contrary, its course was relatively exact and could be expressed as a logarithmic curve (R 2 = 0.9902). When these measured values were evaluated as calibration points (similarly as in case of the trolox standard), it was possible to obtain an equation that was very similar to that for the trolox standard. The comparison of wine parameters with trolox calibration curves was not possible due to the fact that trolox units were expressed in nmol.dm −3 while those of wine were expressed in millilitres (dilution factor). In the course of monitoring eff ects of rutin dilution on measured values of inhibition, the calibration series of trolox were compared with calibration data concerning rutin solutions (Fig. 2) . Experimental results indicated a diff erent course of calibration points even if the same molar concentrations were used. At low molar amount of substance (i.e. at 0.5 and 1.0 nmol), the measured value of rutin inhibition was higher than the same that molar amount of trolox. At higher molar amounts (i.e. 3; 4 and 5 nmol), the inhibition value of trolox was higher. A statistic analysis of the interaction existing between the eff ect of dilution and antioxidants under study indicated that one and the same dilution could infl uence on inhibition value under study in a diff erent manner. POPOV, LEWIN (1996) , who directly evaluated this method and its suitability for the estimation of antioxidant capacity, mentioned that the most exact result could be obtained in case that the value of inhibition value ranged from 0.5 to 0.7. This is a very strictly specifi ed value that must be o en obtained by means of a diff erent solution of compared samples.
One of possible explanations why the antioxidant capacity estimated by means of the photochemiluminiscence method in the Photochem instrument was dependent on the antioxidant concentration is based on the GuldbergWaage law. This law expresses the magnitude of the reaction. Reactions of radicals and antioxidants gave relatively stable products. The diff erence between these products and radicals consists probably only in stability. Regarding the possibility that the magnitude of the reciprocal reaction of radical- (n = 5; P ≤ 0.05) antioxidant products in case of trolox and rutin, it can be expected that reactions taking place in the course of dilution will be diff erent in the inhibition values (Fig. 2) . BENZIE et al. (1999) mentioned that when using photochemiluminiscence in assays of ascorbic acid, the magnitude of the response was dependent on concentration and effi ciency of the antioxidant. Diff erences in measured values of antioxidants under study could be caused also by a decreasing response of the instrument used for these measurements (BALOGHA et al., 2010) . WAYNER et al. (1986) studied also the dependence of antioxidant eff ects of ascorbic acid on its concentration. HENGST (2009) wrote about a nonlinear behaviour of the photochemiluminiscence method in measurements of a calibration series of gallic acid. He also mentioned that the non-linear dependence of measured values on concentrations had not been adequately explained yet. The theoretical assumption that the measured values of the antioxidant capacity are infl uenced by the antioxidant concentration and the magnitude of the reciprocal reaction could be corroborated also by means of a mathematical model construction that would exactly describe the measured values. However, the construction of such a model is rather complicated due to an insuffi cient description of processes taking place in the Photochem instrument.
CONCLUSION
It was demonstrated that values measured by the photochemiluminiscence method were infl uenced by the degree of sample dilution. When studying eff ects of dilution of samples of wine and rutin, it was confi rmed that there is a non-linear correlation between the degree of dilution and measured values of antioxidant capacity. The eff ect of dilution was not of random character; quite on the contrary, its course was relatively exact and could be expressed as a logarithmic curve. This behaviour could be probably explained by means of diff erences in the magnitude of the reverse decomposition of products of the reaction antioxidant-radical.
SUMMARY
When measuring the antioxidant capacity by means of photochemiluminiscence method in the Photochem instrument it is important to use constantly the same method of estimation and to describe the preparation of samples in detail. Of the same importance, however, is also to mention dilutions used for the assayed material because the results may be infl uenced by the degree of dilution. For that reason it is not possible to compare samples that were diluted in diff erent ratios. When studying the eff ect of wine and the antioxidant rutin dilutions on measured values, it was demonstrated that the dependence of results on the degree of dilution was non-linear. In red wine, the antioxidant capacity increased due to the degree of dilution. When comparing rutin with the calibration trolox solution, it was demonstrated that at low molar amount of substance (0.5 and 1.0 nmol) the measured values of rutin inhibition were higher than the antioxidant capacity of a trolox solution with the same molarity. At higher molar amount of substance (3; 4 and 5 nmol), the inhibition value of trolox was higher. This behaviour could be probably explained by means of diff erences in the magnitude of the reverse decomposition of products of the reaction antioxidant-radical. In case that this assumption would be correct, it could be possible to compare the effi ciency of antioxidants also on the base of reverse reactions of individual antioxidants. This means that important are not only antioxidant capacity of individual compounds but also the stability of fi nal products and the capacity to prevent their decomposition to radicals and antioxidants. A detailed description of antioxidants and stability of products occurring a er their reaction with radicals could further contribute to our knowledge in the fi eld of antioxidant research.
